Background: Non-adherence to medications is common and leads to suboptimal outcomes. Non-adherence can be intentional (e.g., deciding to skip dosages) or unintentional (e.g., forgetting), yet few studies have distinguished these reasons. An improved understanding of the reasons for non-adherence could inform the development of effective interventions. Methods and Results: We analyzed data from African Americans in the Jackson Heart Study who were prescribed medications for one or more chronic conditions. Participants were grouped by patient-reported adherence with non-adherence categorized as being intentional, unintentional or both. We used modified Poisson regression models to examine the factors associated with types of non-adherence. Of 2933 participants taking medication, 2138 (72.9%) reported non-adherence with 754 (35.3%) reporting only unintentional non-adherence, 263 (12.3%) only intentional non-adherence, and 1121 (52.4%) both. Factors independently associated with intentional non-adherence included female sex and depressive symptoms while factors associated with unintentional non-adherence included younger age and separated relationship status. Unintentional and intentional non-adherence was more common among participants taking anti-arrhythmic and anti-asthmatic medications, respectively. Higher levels of global perceived stress was associated with both types of non-adherence. The adjusted models for intentional and unintentional non-adherence had c-statistics of 0.65 and 0.66, respectively, indicating modest discrimination. Conclusion: Specific patient factors and individual medication classes were associated with distinct patterns of intentional and unintentional non-adherence, yet the overall modest discrimination of the models suggests contributions from other unmeasured factors. These findings provide a construct for understanding reasons for nonadherence and provide rationale to assess whether personalized interventions can improve adherence.
Medication non-adherence for individuals with chronic conditions may contribute to suboptimal outcomes and increased healthcare costs.
1,2 Medication-taking behaviors are complex and affected by multiple factors at the patient, physician and system level. 3 Existing evidence suggests that patient-level factors associated with non-adherence may include increased disease burden, older age, and minority race/ethnicity. 4, 5 In a recent analysis evaluating racial differences in medication adherence in a sample of Medicare patients, elderly African Americans reported lower adherence levels than elderly whites with differences persisting after adjustment for sociodemographic variables. 6 While racial disparities in medication adherence may be due, in part, to patient-level factors such as comorbidity burden 7 and health literacy, 8 other potential contributing factors to these health disparities have not been fully explored.
Reasons for suboptimal medication adherence can be broadly grouped into intentional and unintentional reasons. 9 Intentional nonadherence is an active process where a person chooses to deviate from the prescribed treatment regimen, often as a result of weighing of the perceived risks and benefits associated with treatment. 10 Unintentional non-adherence is a result of passive processes including forgetfulness or not taking medication as prescribed due to misunderstanding of instructions. Despite efforts to characterize the prevalence of reasons for non-adherence to medications for chronic conditions, data are limited on reasons for non-adherence particularly among minority populations. Furthermore, few studies have examined whether reasons for non-adherence change over time. Better understanding of intentional and unintentional reasons for non-adherence and whether these reasons vary over time can help inform targeted interventions to promote medication adherence in populations with chronic disease. We examined the prevalence of non-adherence to medications by type of non-adherence (i.e., only intentional reasons, only non-intentional reasons, both intentional and non-intentional reasons), and reasons for non-adherence in the Jackson Heart Study, a wellcharacterized, longitudinal cohort of African Americans. In addition, we examined patient-level factors associated with unique medicationtaking patterns.
Methods

Data sources
The JHS is a prospective community-based observational study of 5306 African Americans designed to investigate risk factors for cardiovascular disease. 11 Initiated in 2000, all study participants provided written informed consent, and study protocols were approved by local institutional review boards. Participants were recruited from the Jackson, Mississippi cohort of the Atherosclerosis Risk in Communities study and the overall tricounty population. 12 . Data collected include demographic characteristics, comorbid conditions, medications, anthropometry and laboratory values. 13 Of the questionnaires used in JHS, the global perceived stress score is an eight-item questionnaire that measures the perception of the severity of chronic stress over the prior 12 months with scores ranging from 0 to 24 where higher scores indicate increased perceived stress. The social support score ranges from 0 to 5 and is determined from 8 questions related to relationships with family members, a significant other, friends and the community where higher scores indicate greater perceived support. Ongoing surveillance for health outcomes (e.g., myocardial infarction) includes annual telephone follow-up interviews, review of medical records and review of death certificates. The details of visit procedures including medication adherence assessment have been previously described. 13 The definitions of co-morbidities as well as medication collection and coding have also been reported.
14,15
Study population
For the present analysis, we included 2933 JHS participants who completed exam 1, were prescribed medications for one or more chronic conditions and had documentation of medication adherence status. We focused on non-adherence in medication classes for management of common chronic conditions that represent substantial health burden in the JHS population: hypertension, hyperlipidemia, heart failure (HF), coronary artery disease (CAD), stroke, diabetes, chronic obstructive pulmonary disease (COPD) and depressive symptoms. We excluded participants who did not complete the exam 1 medication survey and those with incomplete recording of medication use during the two weeks preceding the exam 1 visit. Baseline characteristics of participants taking medications for chronic conditions who did not complete the medication adherence survey are provided in Supplemental Table I . The follow-up evaluations included participants with data collected at exams 2 and 3 with similar exclusion criteria as at the baseline assessment.
Medication non-adherence
The study outcome of interest was patient-reported adherence. At each exam, patients were asked about their "usual medication taking behaviors" without a specific time period of assessment (i.e., during the past 2 or 4 weeks). Eleven different medication adherence questions were grouped into intentional vs. unintentional reasons per discussion with coauthors and external subject matter experts (Table I) . In brief, intentional reasons included not wanting to take medications, perceptions of inconvenience, ineffectiveness, and concern of addiction, as well as side effects related to feeling bad or limiting normal daily activities. Unintentional reasons were not having the medication available, not having money to purchase medications and "being in a hurry" or forgetting.
Covariates
Variables of interest from the baseline clinical exam included demographics (age, sex, marital and insurance status), socioeconomic factors (education, family income), psychosocial factors (stress, social support, 
Statistical analysis
We calculated baseline (exam 1) characteristics of the study population by medication adherence status at baseline (adherent and non-adherent, separately) using frequencies with percentages for categorical variables and means with standard deviations or medians with interquartile range (IQR) for continuous variables. We tested for differences in baseline characteristics by adherence status using chi-square tests for categorical variables and Kruskal-Wallis tests for continuous variables.
Among non-adherent participants, we calculated the distribution of baseline characteristics by reasons for non-adherence (intentional only, unintentional only, and both intentional and unintentional reasons) at baseline and determined the statistical significance of differences across reasons for non-adherence using chi-square tests for categorical variables and Kruskal-Wallis tests for continuous variables. Within the non-adherent cohort, we calculated the frequency of reasons for nonadherence by medication class (non-mutually exclusive classes: cardiovascular, pulmonary, diabetes, anti-depression, multiple classes [taking medications for management of more than one of the chronic disease types of interest (pulmonary, CVD, diabetes, depression)]). Since we evaluated data on chronic disease groups that are not mutually exclusive, we did not compare reasons for non-adherence across classes with a formal statistical test (which assumes independence between groups). However, in a secondary analysis we separated participants into non-overlapping groups and compared reasons for non-adherence using chi-square tests (Supplemental Table II) .
To identify the factors associated with intentional and unintentional non-adherence at baseline, we used separate modified Poisson regression models. 16 Due to high rates of intentional and unintentional nonadherence (N40%), we used modified Poisson regression to approximate risk ratios in lieu of logistic regression. Log-binomial regression models were tested but did not converge. We estimated up to 187 degrees of freedom (df) allowed based on 1875 intentional events and up to 138 df based on 1384 unintentional events. Candidate variables associated with unintentional and intentional medication non-adherence included age, sex, marital status, insurance, BMI, waist circumference, current smoking, prior smoking, alcoholic drinks/week, physical activity hours/week, CKD, COPD, diabetes or HbA1c, heart failure, hypertension or systolic/diastolic blood pressure, MI, stroke, education, family income, stress, social support, depression, ACE/ARB, anti-arrhythmic, anti-asthmatic, anti-cholinergic, anti-coagulant, anti-depressant, antihyperlipidemic, anti-hypertensive, anti-platelet, beta-blocker, calcium channel blocker, digoxin, diuretic, insulin, nitrates, oral anti-diabetic, and taking multiple chronic medications [more than one of the 16 chronic medications examined]. We tested for multicollinearity and eliminated candidate variables where variance inflation factor was N3.
To examine unadjusted associations, each candidate variable was included as the sole independent variable in separate models. To examine multivariable adjusted associations and address potential confounding, all variables were included as covariates in a single model. In addition, to explore whether underlying diseases may be modifying these associations, we performed a sensitivity analysis stratified by the presence of depressive symptoms at baseline. Furthermore, in order to explore whether the variables associated with non-adherence vary based on the specific reason for non-adherence, we performed an additional exploratory analysis examining the factors associated with the 2 most common intentional non-adherence reasons: (1) "Makes me feel bad" and (2) "Trying to do without" as well as the 2 most common unintentional reasons: (1) "In a hurry, too busy, forgot to take" and (2) "Did not have medication available".
We calculated the proportion of non-adherent participants at exam 1 who reported intentional only, unintentional only or both intentional and unintentional reasons for medication non-adherence and the mean number of reported reasons for non-adherence overall and in each group. Among non-adherent participants at exam 1, we compared the proportion reporting intentional only, unintentional only or both unintentional and intentional reasons for non-adherence at the baseline examination with the proportions at visits 2 and 3.We also examined adherence status among all participants across exams to evaluate stability in this classification over time.
Most variables had very low missing rates (b5%). For variables that had low rates of missingness (i.e., b5% of records), we imputed continuous variables to the overall median value, dichotomous variables to 'no' and multichotomous variables to the most frequent categorical value. For variables with N5% missing (e.g., family income~15% missing, depression~30% missing) we treated the missing values as a separate category. We used a 2-tailed α = .05 to establish statistical significance and will report 95% confidence intervals. All analyses were performed with SAS version 9.4 (SAS Institute Inc, Cary, NC). The institutional review board of the Duke University Health System approved the study.
Results Figure 1 presents the details for the analysis cohort using self-reported adherence data from the baseline exam. Of 2933 participants routinely taking medications at baseline, 2138 (72.9%) reported non-adherence. Of these participants, 754 (35.3%) reported only unintentional non-adherence, 263 (12.3%) reported only intentional non-adherence, and 1121 (52.4%) both intentional and unintentional non-adherence.
Table II presents the baseline characteristics by adherence status. Compared with those reporting complete adherence, participants reporting non-adherence were younger, more often women, uninsured and had more comorbidities including hypertension, depression, and heart failure. The number and classes of medication being taken was similar between groups. Participants reporting intentional non-adherence were on average older, more often women and had lower global perceived stress scores compared with those reporting unintentional non-adherence. Depression was more common in those with intentional non-adherence compared to those reporting unintentional nonadherence. Intentional non-adherence was higher in participants taking pulmonary and antidepressive therapies compared with cardiac and diabetes medications (~77% vs. 65%) (Figure 2 and Table III) Unintentional non-adherence was high across the different medication classes including those used for the treatment of cardiovascular and pulmonary disease as well as diabetes and depression (~88% of non-adherent patients).
Table IV summarizes the overall results of unadjusted and adjusted models examining factors associated with intentional and unintentional non-adherence (see Supplemental Table III for full details). Female sex and depression were associated with intentional non-adherence, while younger age and separated relationship status were associated with unintentional non-adherence. Oral anti-diabetes medications and beta-blockers were associated with lower unintentional and intentional non-adherence, respectively. Anti-arrhythmics and anti-asthmatics were associated with higher unintentional and intentional non-adherence, respectively. Global perceived stress and taking multiple chronic medications was associated with both types of non-adherence. Figure  3 lists the factors associated with the different forms of non-adherence. The adjusted models for intentional and non-intentional non-adherence had c-statistics of 0.65 and 0.66, respectively. In sensitivity analyses, differential associations between clinical factors and non-adherence were present in those with vs. without depressive symptoms (Supplemental Tables IV-VII) . For instance, in participants without depressive symptoms, underlying heart failure was associated with a higher prevalence of intentional non-adherence while this association was not present in those with depressive symptoms. Similarly, chronic kidney disease was associated with intentional non-adherence in those with depressive symptoms but not those without depressive symptoms. In a sensitivity analysis, we found that in general the clinical factors associated with the most common reasons for both intentional and unintentional non-adherence were fairly consistent across these different patient-reported reasons (Supplemental Tables VIII-XI).
The prevalence of non-adherence was lower among those completing follow-up exams; 72.9% at baseline, 69.6% (1872/2688) at exam 2 and 61.6% (1361/2211) at exam 3. Among participants who reported non-adherence at baseline, 23.8% and 32.5% reported complete adherence at exams 2 and 3, respectively (Figure 4 ). There was a similar breakdown between the different types of non-adherence at the 2 follow-up exams. Of the 795 participants who reported complete adherence at baseline, approximately half of those with follow-up data at exam 2 and 3 reported complete adherence (46.9% at exam 2 and 51.1% at exam 3).
Discussion
Among African Americans in the JHS, more than 70% of participants taking medications for chronic conditions reported non-adherence at baseline, with more than half of those reporting non-adherence having some degree of both intentional and unintentional non-adherence. The number of medications being taken and medication classes were was similar between those reporting and not reporting non-adherence. Factors independently associated with unintentional non-adherence included younger age and separated relationship status, while factors associated with intentional non-adherence included female sex and depressive symptoms. Specific medication classes including anti-arrhythmics and anti-asthmatics were associated with higher unintentional and intentional non-adherence, respectively. Global perceived stress was associated with both types of non-adherence. These findings provide a construct for understanding reasons for non-adherence and a rationale to assess whether personalized behavioral interventions can improve adherence.
The prevalence of participant-reported non-adherence was high in the JHS. While definitions of adherence have varied markedly in previous analyses, the results from the current analyses are consistent with prior work demonstrating that~50% of adults with known cardiovascular disease have poor adherence. 17 Moreover, medication adherence rates have been shown to be lower in African-American compared with white patients. 18 One analysis in the Veterans Administration system where access to medications is generally equal regardless of race and income found that 63% of African Americans had inadequate blood pressure control compared with 50% of whites; African Americans were also approximately 80% more likely to be non-adherent to antihypertensive medication. 19 It is notable that adherence improved in the JHS cohort over time. While this may be related in part due to attrition of less adherent participants, nearly a third of participants who reported non-adherence at the baseline exam reported being adherent at the third exam visit approximately 10 years later. Moreover, there was a reduction in both intentional and unintentional non-adherence. Since there was no specific adherence intervention in the JHS, further work is needed to better understand the reasons for this improvement. There are limited data available on intentional and unintentional non-adherence to medications. 20 In the JHS, approximately half of participants who were non-adherent reported both intentional and unintentional reasons for non-adherence and only 12% reported only intentional reasons for non-adherence. Intentional non-adherence was more common in women and participants with depressive symptoms as well as with specific drug classes such as anti-asthmatic medications. Previous work exploring intentional non-adherence was conducted in relatively small populations and did not consistently identify differences between variables associated with intentional vs. unintentional nonadherence. 20, 21 Further, data on reasons for non-adherence within specific medication classes are sparse. Therefore, the present findings may offer important insights regarding the individual phenotype of adults more likely to have intentional non-adherence. Even though the absolute percentage of participants with intentional-only non-adherence was modest at 12% among those with non-adherence (9% of overall study cohort), women and those with depressive symptoms and pulmonary disease may represent an important subset to identify and employ shared-decision making approaches to support medication adherence given the deliberate nature of their medication non-use. We identified several variables associated with unintentional nonadherence. Specifically, participants reporting unintentional non-adherence were younger, more likely to have separated marital status and more likely to have chronic kidney disease. These observations Participants could be in more than one medication class.
are supported by prior work demonstrating an association between younger age and unintentional non-adherence. 22 The present findings extend prior research by demonstrating that specific medication classes including anti-cholinergics and anti-arrhythmics are associated with higher unintentional non-adherence. The apparent non-deliberate nature of this non-adherence may allow for opportunities to discuss strategies to improve medication taking behaviors. For instance, strategies to address unintentional non-adherence could include pill boxes and daily reminders for medication taking as well as identification of lowest cost options and foundational support to address root causes related to forgetting and financial constraints. In addition, individuals who are nonadherent could also benefit from assessment of medication beliefs related to perceived need and overall medication concerns. In summary, unintentional non-adherence may benefit from interventions employing reminders and targeting affordability but also identifying root causes for forgetting related to perceived importance, need and benefit of medication use which could support making adherence a priority. Given that the majority of non-adherence was due to a combination of both intentional and non-intentional reasons, it is likely that successful interventions will need to take a multi-faceted approach that targets the multitude of reasons for non-adherence and also individualizes the intervention. 23 
Limitations
This was a retrospective analysis from a community-based cohort of African Americans in the Southern United States; results may not generalize to other communities with different medication-taking patterns. There may be unmeasured variables that influence these results, including potential additional barriers to optimal adherence that were not explicitly measured (interactions with food/beverage or other medications, lapses in insurance coverage, need for monitoring, etc.) The sample size in the group with intentional-only non-adherence was modest. Participants were grouped by self-reported adherence ("usual medication taking behaviors") rather than by an objective assessment of adherence during a pre-specified time period (e.g., in the prior 2-4 weeks) or a specific threshold of percentage of pills taken (e.g., N80% of pills taken to categorize adherence). 17 These observations are therefore dependent upon self-report and may differ from analyses that focus on pharmacy fills, pill counts, or objective adherence questionnaires. While not formally validated, the adherence questionnaire used in the JHS provides an expedient, low-burden method for describing specific reasons for non-adherence. Moreover, the optimal cut-point or definitions of adherence remain poorly understood such that the present data offer important insights into the longitudinal medicationtaking behaviors of a large cohort of African Americans. Development of standardized assessment tools is needed. Further, we restricted the analysis to medications for management of a pre-defined subset of chronic diseases. Further investigation of these patterns in additional chronic conditions is warranted. Finally, the differential association between baseline factors and non-adherence based on underlying comorbidities such as depressive symptoms highlights how these data should be interpreted with caution when applied to an individual patient.
Conclusion
More than 70% of participants taking medications for chronic conditions in the current study reported non-adherence. Approximately half of these participants reported both intentional and unintentional reasons for non-adherence. Specific participant factors and individual medication classes were associated with distinct patterns of intentional and unintentional non-adherence, yet the overall modest discrimination of the models suggests contributions from other factors. These findings provide a construct for understanding variation in the reasons for non-adherence and provide rationale to assess whether personalized interventions can improve adherence.
